To compare the amount of physical activity (PA) among patients with different subsets of knee or hip osteoarthritis (OA) and the general population. Secondary analyses of data of subjects ≥ 50 years from four studies: a study on the effectiveness of an educational program for OA patients in primary care (n = 110), a RCT on the effectiveness of a multidisciplinary selfmanagement program for patients with generalized OA in secondary care (n = 131), a survey among patients who underwent total joint arthroplasty (TJA) for end-stage OA (n = 510), and a survey among the general population in the Netherlands (n = 3374). The Short QUestionnaire to ASssess Health-enhancing physical activity (SQUASH) was used to assess PA in all 4 studies. Differences in PA were analysed by multivariable linear regression analyses, adjusted for age, body mass index and sex. In all groups, at least one-third of total time spent on PA was of at least moderate-intensity. Unadjusted mean duration (hours/week) of at least moderate-intensity PA was 15.3, 12.3, 18.1 and 17.8 for patients in primary, secondary care, post TJA, and the general population, respectively. Adjusted analyses showed that patients post TJA spent 5.6 h [95% CI: 1.5; 9.7] more time on PA of at least moderate-intensity than patients in secondary care. The reported amount of PA of at least moderate-intensity was high in different subsets of OA and the general population. Regarding the amount of PA in patients with different subsets of OA, there was a substantial difference between patients in secondary care and post TJA patients.
Introduction
Hip and knee osteoarthritis (OA) are among the most common joint conditions, with treatment being predominantly symptomatic and focused on controlling pain, improving function, and health-related quality of life. In all stages of knee or hip OA, promotion of general physical activity (PA) is, in parallel with joint-specific exercises, considered to be a key component in the conservative management, including the trajectory after total joint arthroplasty (TJA) [1] [2] [3] [4] [5] [6] . PA is defined by the World Health Organization as "any bodily movement produced by skeletal muscles that requires energy expenditure" [7, 8] . According to this definition, PA is not only restricted to exercise but also comprises any activity in any domain of daily life, e.g. commuting, work activities, cycling, gardening, household activities and sports [9] .
PA has multiple potential benefits in patients with knee or hip OA, as it has proven to play a role in improvement of pain, physical function, mobility, and weight management [1, 6, [10] [11] [12] [13] . In addition, PA is considered an important preventive measure for other chronic diseases (e.g. cardiovascular disease) associated with OA [11, [14] [15] [16] .
The proportion of OA patients meeting public health recommendations for health-enhancing PA varies largely in the literature, from 13 to 60% [14, [17] [18] [19] . This variation could probably be due to heterogeneity in participants, settings, monitoring devices and methods across studies [17] . Currently, studies that compare the amount of PA between early and advanced stages of knee and or hip OA, including TJA, and the general population are scarce [17, 19, 20] . Regarding the comparison of PA in patients before and after TJA, a recent systematic review and meta-analysis concluded that PA does not change 6 months post-TJA compared with preoperative levels [20, 21] . Moreover, these studies concluded that PA after TJA was less compared to that of healthy controls [20] [21] [22] . On the other hand, Meessen et al. found that patients following TJA were more physically active compared to the general population [23] . In none of the aforementioned studies, the nature of performed activities in different stages of the disease was presented.
It is conceivable that pain is a barrier for performing PA, and pain increases in more advanced stages of OA. Therefore, one would expect that PA decreases over the course of knee or hip OA [24, 25] and that the amount of PA of patients with OA is lower than that of the general population. On the other hand, we expect that patients after total joint arthroplasty (TJA) perform more PA than patients with advanced OA but without indication for surgery, since TJA results in less pain and improved function [14, 17] .
Therefore, the aim of the present study was to deepen the insight in terms of amount and nature of self-reported PA levels in different stages of the disease (i.e. patients in primary and secondary care and post-TJA) and to compare PA characteristics of patients with knee or hip OA with those of the general Dutch population.
Methods

Study design
This study has an observational cross-sectional design; research questions were answered by secondary analyses of data from four studies performed in the Netherlands in four different populations: (1) patients with knee or hip OA in primary care [26] , (2) patients with generalized OA in secondary care [27] , (3) patients with knee or hip OA who underwent TJA [23, 28] , and (4) the general population [29] . Only data of subjects ≥ 50 years were included in this study.
Participants
Patients in primary care
Baseline data of an observational study to determine (preliminary) effects of an OA educational, community-based programme on healthcare utilization and clinical outcomes were used [26] . This educational programme consisted of two 1.5-h meetings, led by a physiotherapist and a GP, with information on OA and its disease course, conservative treatment modalities using a stepped-care approach, and surgical treatment options. Patients were recruited through searching general practitioners (GPs) electronic patient records and advertisements in local newspapers. In total, 148 patients with a clinical diagnosis of knee or hip OA were included from the region of Nijmegen between October 2015 and March 2016 [26] . Main inclusion and exclusion criteria are presented in the supplementary material.
Patients in secondary care
We used baseline data of a randomized controlled trial (RCT) on the effectiveness of two non-pharmacological multidisciplinary self-management programmes for generalized OA in secondary care (i.e. face-to-face versus a telephone-based).
Patients who visited the outpatient department of the Sint
Maartenskliniek at Nijmegen in 2010 were included if they were clinically diagnosed with generalized OA and referred by their rheumatologist for multidisciplinary treatment. A total of 147 patients completed baseline assessments [27] .
Total joint arthroplasty (total knee and hip arthroplasty)
For the post-TJA stage, we used data from a cross-sectional study on patients who underwent total knee or hip joint arthroplasty due to end-stage OA. The original study was conducted to make an inventory of the use of physical therapy and the presence of comorbidities after TJA. Orthopaedic surgeons of four different hospitals invited by mail all patients who underwent TJA in the preceding 7-22 months to participate in this study. In total, 522 patients responded [23, 28] . Results on the comparison of the amount of PA between TJA patients and the general population were previously published [23] , and will thus not be highlighted in this study.
General population
Data from the general Dutch population were obtained from a nationwide survey on general health (Gezondheidsmonitor 2012). Annually this survey is distributed (randomly) amongst more than 14,000 residents in the Netherlands, collected by the Dutch National Bureau of Statistics [29] . First, the survey on basic characteristics was sent to people living in private households, with a response rate of 60-65%. Subsequently, responders aged ≥ 12 years received a questionnaire regarding PA among other health-related subjects. Response rate of the health-related questionnaire was 55% [29] . This survey yielded individual participant data and was obtained from the CBS [29] .
Ethical approval for this study was asked for and waived by the local Medical Research Ethics Committee of the University Medical Centre, Leiden (Protocol Number: G17.113, Date: 2 November 2017). The study fell outside the remit of the law for Medical Research Involving Human Subjects Act, and was approved by the local ethical committee.
Assessments
Sociodemographic characteristics
All databases included the following demographic characteristics: sex (male / female), age, body mass index (BMI) (kg/ m 2 ) and included information about marital status.
Physical activity
In all databases, PA was assessed with the validated Short Questionnaire to Assess Health-Enhancing Physical Activity (SQUASH) [9, 30] . The SQUASH is a structured questionnaire consisting of activities at work, commuting, household activities, leisure time, and sport activities. Additionally, persons who filled out the SQUASH were asked to report the nature of (up to) four sports activities they actually perform. From this questionnaire, we calculated the mean duration of PA at low intensity (< 4 metabolic equivalent of task (MET) for persons < 55 years and < 3 for persons ≥ 55 years), mean duration of PA at moderate intensity (≥ 4 and < 6.5 MET for persons < 55 years and activities ≥ 3 and < 5.0 MET for persons ≥ 55 years) and mean duration of PA at vigorous intensity (≥ 6.5 MET for people < 55 years and ≥ 5 MET for ≥ 55 years). We combined the latter two categories into PA of at least moderate intensity. The MET for an activity was derived from the Ainsworth compendium [31] .
Statistical analysis
Baseline descriptive statistics for each group were provided as mean and standard deviation (SD) for continuous variables and numbers (N) with percentages (%) for nominal variables. We performed a mean centering operation for the variables age and BMI.
To compare mean amount (hours/week) of total PA and PA of at least moderate intensity between three stages of OA and the general population, we performed multivariable linear regression analyses. All regression analyses were performed on complete cases adjusted for (mean centered) age, (mean centered) BMI and sex. Subsequently, the residuals of the linear regression analyses were plotted to inspect normality assumptions. On the basis of the residual plots, we concluded that transformation of the continuous data would not improve the accuracy of the models.
The seven most frequently reported sport activities are presented per subgroup separately. We refrained from statistical testing, because a type I error could occur due to multiple testing.
Sensitivity analyses
As OA is a prevalent disease, we performed a sensitivity analysis excluding patients with a possible diagnosis of OA from the general population. Therefore, we repeated all analyses excluding participants from the general population with a positive answer on the question whether they suffered from "wear and tear of the joints" (yes/no) in the preceding 12 months.
A p value of ≤ 0.05 was considered significant. All analyses were performed using Stata 13.1 [32] .
Results
Participants
In total, the present study used data of 4125 patients with hip or knee OA or from the general population aged ≥ 50 years 
Patients' demographics and characteristics
Physical activity
The percentage of missing data on the primary outcomes was approximately 3% for total duration. Table 2 shows the mean duration of PA (unadjusted for age, BMI and sex) for the different subgroups.
Regarding the total amount of PA (light, moderate, and vigorous intensity), the mean duration (unadjusted for age, BMI and sex) in the different subgroups ranged from 36.0 (19.5) hours/week for primary care patients to 40.1 (26.9) hours/week for the general population. Results of multiple linear regression analyses, adjusted for (mean centered) age, (mean centered) BMI and sex, shows that patients post-TJA were on average 10.9 [95% CI: 5.7; 16.1] (p = 0.000) hours/ week more active than secondary care patients and 6.1 [95% CI: 3.5; 8.7] (p = 0.000) hours/week more active than the general population (Table 3 ). Adjusted analyses also showed that patients in secondary care were on average 4.7 [95% CI: − 9.4; − 0.1] (p = 0.046) hours/week less active than the general population.
The mean duration of PA of at least moderate intensity (unadjusted) ranged from 12.3 (12.0) hours/week for secondary care patients to 18.1 (17.8) hours/week for patients post-TJA, Table 2 . Adjusted analyses revealed that patients post-TJA were on average 5.6 [CI 1.5; 9.7] (p = 0.007) hours/week more active on PA of at least moderate intensity than patients in secondary care and 2.4 [CI 0.3; 4.5] (p = 0.022) hours/week more active than the general population (Table 4 ). We found comparable patterns in differences between groups in PA of light, moderate or vigorous intensity (see supplement 2, 3 and 4).
The proportions of people spending a certain amount of time on total PA and PA of at least moderate intensity for each subgroup are displayed in Fig. 1 . The proportion of people at least spending 150 min per week on PA of at least moderate intensity ranged from 84.7% to 92.1%. The proportion of people at least spending 300 min per week on PA of at moderate intensity ranged from 73.7% to 81.5% ( Table 2) .
Sensitivity analyses, excluding persons reporting "wear and tear" of the joints in the general population yielded similar results for all performed analyses. Additional sensitivity analyses, separating the TJA group in TKP and THP, showed that the mean duration of PA in patients with TKP was 3.0 [0.1; 6.0] hours/week higher than the general population, whereas no significant difference was found between patients after THP and the general population (2.0 [− 0.8; 4.7]). Table 5 shows the seven most frequently reported sports activities, presented per subgroup. Patients after TJA least frequently reported fitness as performed activity, whereas they reported cycling most often. General exercise at moderate intensity is reported more often by OA patients than the general population. Yoga is more often reported by primary and secondary care patients. Patients in secondary care reported swimming most often. We visually inspected differences in proportions between groups, thus no statistical testing was performed.
Nature of physical activities
Discussion
The aim of this study was to document the amount and nature of PA among patients with OA in different stages of their disease and to compare PA characteristics of patients with knee or hip OA with those of the general population. On average, patients reported to be physically active for at least 5.1 h per day, and to spend about one-third of PA in at least moderate-intensity PA. We found that OA patients after TJA are on average more physically active than patients in secondary care. No other relevant differences across different stages of osteoarthritis (OA) and the general population were found. We found differences in the nature of PA that patients perform in different stages of OA and the general population: patients after TJA report more often low-impact activities (e.g. aerobic exercise (general exercises at moderate-intensity) and cycling) than other OA patients and the general population. On the other hand, swimming, also considered a low-impact activity, is most often reported by patients in secondary care. A possible explanation for the differences in the nature of PA is that high-impact sports such as running and contact sports are discouraged for patients after TJA [33] [34] [35] . Our findings are in line with a meta-analysis concluding that patients after TJA return more often to low-impact activities than high-impact activities [36] . This may indicate that patients after TJA follow rehabilitation advice.
International guidelines recommend to perform at least 150 min per week of PA on at least moderate intensity for general health benefits [8, 37] . The WHO states that there is evidence for additional health benefits up to 300 min per week [8] . However, recommendations about the optimal amount and intensity of PA for OA patients are lacking. Apart from general health benefits, it is well known that increasing PA has positive effects on pain in OA patients [1, 10] , suggesting a dose-response relationship. Currently, there is debate about the exact shape of the dose-response relationship between performed PA and health benefits [38] [39] [40] . Some research groups assume a (curvi)linear relationship implying the more PA the better [37, 41, 42] , whereas other research groups assume an optimal range beyond which health benefits may be partially lost [38] [39] [40] . Epidemiologic studies on the optimal dose of PA are, however, mainly performed in cardiovascular patients and physically active volunteers rather than in OA patients. Therefore, future studies should assess the exact relation between PA and actual health benefits in OA patients to determine the optimal dose of PA.
We could not confirm our first hypothesis that the duration of PA decreases over the course of OA. Subgroups in the present study were based on the assumption that primary care patients (recruited trough searching GP electronic patients records and advertisements in local newspapers) and secondary care patients (recruited after referral by a rheumatologist to self-management programme of a hospital) reflect increasing rates of severity, rather than upon well-accepted criteria (i.e. Kellgren and Lawrence classification or joint space width). Our results are in line with a meta-analysis, showing no clear differences in PA between mild or moderate and severe OA [17] . A possible explanation could be that patients with more severe knee or hip OA substitute activities so that PA can be performed despite their complaints. However, our findings are contradictory with results of a longitudinal study in over 1200 OA patients showing that the amount of PA decreases with 11% over the course of 4 years [24] . The observed decrease in PA over time in the latter study could be explained by the influence of ageing; higher age is associated with lower PA levels [20, 43] . Future studies should focus on unravelling the influence of ageing and severity of the disease on PA in OA patients.
Additionally, we could not confirm our hypothesis that patients in primary and secondary care were less active than the general population. Our results are in line with a recent study showing comparable levels of objectively measured activity of at least moderate intensity for patients with knee OA and the general population [44] . On the other hand, our findings are inconsistent with a study concluding that patients with end-stage OA were less active than controls [45] . However, it is likely that in the latter study more severely affected patients were included. Our findings suggest that having OA in the early and more advanced stages does not impact PA levels, and that patients with OA manage to stay as active as the general population. However, prospective longitudinal research is needed to study the impact of symptoms related to OA on actual PA levels.
This study confirms our second hypothesis that patients who underwent TJA are more physically active than patients in secondary care. Regarding the effect of TJA on PA, recent studies showed no differences in preoperative PA levels compared to 6, 12 and 24 months after TJA, as well as compared to matched controls [20, 21, 46] . There are several possible explanations that patients following TJA spent more time on PA in our study. First, TJA results in less pain and improved function [14, 17] . Second, in our sample, 50% of patients received physical therapy for more than 3 months after TJA [28] . Therefore, these patients could be better instructed and motivated to perform PA. Another explanation could be that relatively active patients with end-stage OA receive TJA, and will therefore resume their old PA level easily. This is the first study that compares the amount of PA in different stages of OA and the general population. This study also reports activities that are actually performed in different stages of OA and in the general population. However, data must be interpreted with caution, since this study has some potential limitations. Compared to the literature, we studied a relatively physically active cohort of patients [17, 43, 47] , however, comparison with studies utilizing objective measures of PA (e.g. accelerometers) should be done with caution. Despite the regular use of self-administered measures, questionnaires tend to overestimate PA [30] . The SQUASH takes walking and cycling into account in three different modules; commuting, recreational and as a sports activity, and overlap in reporting these activities cannot be excluded. In particular, overestimation of the amount of PA spent on cycling, a common daily activity in the Netherlands, is likely. On the other hand, all datasets in this study used the same questionnaire assessing PA, i.e. the SQUASH, and, in our view, our results regarding differences between groups are valid. A note of caution is due here since we compared baseline data of four separate, previously published studies of different clinical settings in different time periods. Due to the heterogeneity of the subjects included in the separate studies, it is possible that there is some overlap in patients' characteristics among different subsets of OA patients. The subgroups comprising OA patients in different stages of disease were relatively small, and this could result in lack of power. Although we adjusted for age, sex and BMI, we cannot rule out possible confounding of other factors such as education, profession, and comorbidities not included in our 1 3 analysis. However, sample sizes were appropriate to detect differences of 10% or higher.
In conclusion, this study showed that patients with different subsets of OA and the general population spend on average considerable time on PA and that at least one-third of time active was spent on PA of at least moderate intensity. On the one hand, we found no major differences in the amount of PA among OA patients in primary, secondary care and the general population, and on the other hand we found substantial differences in the amount of PA between patients in secondary care and post-TJA patients. Although we found that PA levels for patients in different subsets of OA and the general population were comparable, it is well known that PA has beneficial effects on OA symptoms. Thus, continued efforts are needed to enhance PA in patients in different stages of OA. More research is needed to assess the exact relation between PA (in terms of duration and intensity) and actual health benefits in patients with OA over time.
